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Abstract Objective To establish a population pharmacokinetic (PPK) model for high-dose methotrexate (HDMTX) in pediatric
patients with hematologic malignancies,identify covariates affecting MTX clearance and distribution, and explore individualized dosing
strategies for HDMTX therapy in children. Methods Demographic data, diagnostic and treatment information , and laboratory parameters
were retrospectively collected from pediatric HDMTX chemotherapy courses at the Children’s Hospital of Nanjing Medical University
between January 1,2021,and December 31,2023. A PPK model was developed using nonlinear mixed-effects modeling (NONMEM). The
pharmacokinetic characteristics of MTX were described by a two-compartment model with first-order elimination. Stepwise covariate mo-
deling was performed, and the final model was internally validated using goodness-of-fit diagnostics , bootstrap analysis, and prediction-cor-
rected visual predictive checks. Based on the final model, dosing simulations under multiple clinical scenarios were performed. Monte
Carlo simulation was applied to evaluate the probability of achieving target exposure and preventing delayed MTX elimination across
various dosing regimens and clinical scenarios, aiming to identify optimal individualized dosing strategies. Results The final model esti-
mated typical population values for the apparent clearance of MTX in the central and peripheral compartments as 6.17 L-h™" and 0.13 L-h™",

respectively. Body surface area (BSA) was identified as the principal determinant of MTX clearance. Validation results indicated that
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the final model exhibited strong predictive performance and stability. Based on this model , BSA-stratified dosing regimens were refined

for pediatric patients receiving HDMTX therapy. Conclusion This study established a PPK model for MTX in children using a large

sample and developed BSA-based individualized dosing strategies to optimize treatment outcomes for pediatric patients receiving HDMTX

therapy.

Keywords methotrexate; population pharmacokinetics; pediatrics; hematologic malignancies; delayed elimination; modeling and simu-

lation;; precision medicine
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Fig.1 Plasma concentration-time profiles of MTX
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Tab.1 Characteristics of all chemotherapy cycles in patients

Characteristics

Description

Age (year)
Height (m)
Weight (kg)
BSA (m*) "
Male/female (%)
Dose/BSA (mg/m’)
Period/period2/period3/period4 (%)
White blood cell count ( x 10°/L)
Neutrophil ( x 10°/L)
Hemoglobin (g/L)
Platelet (x 10°/L)
Urea (mmol/L)
Uric acid (pmol/L)
Serum creatinine (pmol/L)
Cystalin ¢ (mg/L)
K (mmol/L)
Na (mmol/L)
CI (mmol/L)
Ca (mmol/L)
Mg (mmol/L)

P (mmol/L))

Estimated glomerular filtration rate™ (L min™+1.73m?)

Alanine aminotransferase (U/L)

Aspartate aminotransferase (U/L)

Alkaline phosphatase (U/L)

y-glutamyl transferase (U/L)

Lactate dehydrogenase (U/L)

Creatine kinase (U/L)

Creatine kinase-myocardial hand (U/L)

a-hydroxybutyrate dehydrogenase (U/L.)

Total protein (g/L)

Albumin/globulin

Glucose (mmol/L)

Total bilirubin (p.mol/L)

Direct hilirubin (wmol/L)

Prealbumin (g/L.)

Plasma concentrations of MTX (mg/L)
Cosy

~
(*48 h

C7Z h

5.4(0.4-16.5)
1.2(0.6-1.8)
20.0(6.5-94.9)
0.80(0.33-2.35)
5751425
3834(1535-8276)
26.1126.2/24.1123.6
3.72(1.28-38.97)
1.53(0.16-28.24)
103 (65-148)
220(27-1077)
3.41(0.40-9.92)
231(46-559)
24.6(9.0-94.7)
1.00(0.16-1.83)
421(239-5.59)
140(132-148)
105.4(97.0-112.4)
252(1.23-3.15)
0.89(0.61-1.14)
1.71(0.78-2.46)
221.63(90.13-553.26)
55(3-362)
28(10-255)
173 (58-629)
42(7-610)
257(113-1207)
32(6-508)
17(5-906)
178 (73-828)
62.2(39.9-82.1)
2.00(0.79-4.19)
4.56/(1.60-21.47)
7.20(1.70-26.87)
2.88(0.14-15.13)
0.19(0.03-0.45)

23.721 (0.541-105.030)
0.190 (0.045-21.759)
0.054(0.023-5.072)
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del; F,CWRES-TIME of final model; G,DV-PRED of final model; H,CWRES-PRED of final model. DV-IPRED, department variable versus individual

predication; CWRES-TIME, conditional weighted residuals versus time; DV-PRED, dependent variable versus population predication; CWRES-PRED,

conditional weighted residuals versus population prediction.
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Fig.2 Comparison of goodness-of-fit diagnostics between the base model and the final model

%2 Bootstrap3&iE

Tab.2 Bootstrap validation results

Final model

Bootstrap (1 000 simulations)

Parameter
Estimate RSE (%) Median 95%CI1 Bias (%)

6 /L 25.59 1.22 25.62 24.42-26.66 0.12
0 \,/L 3.57 2.19 3.58 3.38-3.81 0.28
6 o/L-h-! 6.17 0.80 6.17 6.04-6.31 0

0 ¢p/L+h-l1 0.13 2.35 0.13 0.12-0.14 0

[V, 0.97 3.72 0.97 0.88-1.06 0

0 2 Bsa 1.34 477 1.32 1.19-1.43 -1.49
0 cnsa 0.79 2.81 0.80 0.75-0.86 1.27
0 cio.psa 1.00 6.62 0.98 0.82-1.14 -2.00
/% 22.69 4.66 22.74 22.57-22.87 0.22
 y,/% 39.24 4.07 38.76 38.60-39.40 -1.22
/% 14.65 4.02 14.57 14.49-14.62 -0.55
® /% 30.76 4.40 30.50 30.42-30.84 -0.85
Wy /% 13.02 5.26 12.95 12.87-13.03 -0.54
vyl % 31.62 4.44 31.29 31.19-31.72 -1.04
o /% 12.43 0.60 12.43 11.08-13.85 0

0./ 60,/ 0 o/ 0 ¢, typical population values for pharmacokinetic parameters; 6 y psa/ 0 vo psa/ 0 c1psa/ 0 ci2.psa » coefficients representing the effect of BSA

on V/V2/CI/CI12; @ / @ o/ @ o/ ® ¢p, variances of inter-individual variability for each pharmacokinetic parameter; o y o/ ® v, ¢, covariances of inter-indi-

vidual variability between V and Cl, as well as V2 and CI2; o ,residual variability ; Bias (%) = (median—estimate ) /estimate x 100.
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Tab.3 Recommended BSA-based maximum total doses of HDMTX
in pediatric patients

BSA (m?) Recommended maximum total dose (g)
0.3-<0.4 3.9
0.4-<0.5 4.2
0.5-<0.6 4.5
0.6-<0.7 4.7
0.7-<0.8 4.9
0.8-<0.9 5.1
0.9-<1.0 53
1.0-<1.1 5.5
1.1-<1.2 5.6
12-<1.3 5.8
13-<1.4 6.0
1.4-<1.5 6.2
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